Mineral resource exploration and mining is an essential part of today's high-tech industry. Elements such as rare earth elements (REE) and copper are, therefore, in high demand. Modern exploration techniques from multiple platforms 15 (e.g. space-and airborne), to detect and map the spectral characteristics of the materials of interest, require spectral libraries as an essential reference. They include field and laboratory spectral information in combination with geochemical analyses for validation. Here, we present an extensive collection of REE-and copper-related hyperspectral spectra with associated geochemical information. The libraries contain spectra from rare earth element oxides, REE-bearing minerals, copperbearing minerals and mine surface samples from the Apliki copper-gold-pyrite-mine in the Republic of Cyprus. The samples 20
Introduction
Reflectance spectroscopy is based on measuring the reflected solar radiation from a material of interest. It uses photosensitive detectors to record and analyse light reflected or scattered from the surface. The reflected light is unique for 35 each material and acts like a spectral "fingerprint". Spectral libraries are comprehensive collections representing optical properties of materials in a specific wavelength range. They are based on materials measured under standardized laboratory or field conditions including a geochemical validation of the material at hand. Spectral libraries are essential in the field of reflectance spectroscopy for example for mapping purposes. The results are hyperspectral images that serve for the detection and mapping of elemental or mineral occurrences in natural and in artificial surfaces. Examples for applications are large-40 area satellite or aerial surface mappings for geological exploration in early-stage field prospection. Future hyperspectral imaging satellites will provide the necessary data quality requirements to successfully map rare earth elements (REEs), copper deposits and other resources from space. These satellites will play a major role in the future of geological exploration, to help mapping large mineralized areas in remote regions (Mielke et al., 2016; Swayze et al., 2014) . Several global mapping satellite missions will be launched in the next few years.. Amongst them are the German EnMAP, the Chinese CCRSS-A 45 and the Japanese HISUI missions (Guanter et al., 2015; Iwasaki et al., 2011; Tong et al., 2014) . For those missions, the imaging spectroscopy community is currently developing methodologies for e.g. the detection of REEs in the image spectra (Boesche et al., 2015; Boesche, 2015; Bösche, 2015; Herrmann, 2019; van der Meer et al., 2012; Turner et al., 2014a Turner et al., , 2014b Turner, 2015) . Hyperspectral data can also be acquired by ground-or UAV-based outcrop scans to study an orebody's surface geometry and mineral distribution ( Figure 1 ) and can be applied in the laboratory on thin sections, samples, as well 50 as drill cores to analyse and visualize melt evolution or zonation at a smaller scale. 
60
The methods developed for the upcoming hyperspectral satellite missions like EnMap (Guanter et al., 2015) use image spectra as a database for their analysis. The image scenes are acquired by a moving line scanner mounted on the satellite, which records the spatial dimension (x-and y-dimension) line by line, as well as the wavelength dimension (z-dimension).
Each pixel therefore represents the full spectral range of the sensor. The sensor's movement along a rotation or a movement https://doi.org/10.5194/essd-2019-228 axis provides spatially continuous imaging spectroscopy data. Variations along the spectral domain of the data are visible as 65 concave indentions, often referred to as "absorption bands". They are characteristic for the measured surface material and enable its identification and quantification (Clark, 2003) . The recorded spectral information is a function of the chemical and physical properties of the target material and the sensor setup itself. Typical copper-bearing hyperspectral spectra are shown Figure 1C . We are presenting four spectral libraries and their geochemical validation. The libraries consist of the spectral information of three different mineral groups: (1) powders of REE-bearing minerals and (2) REE-oxides (Koerting et al., 70 2019a), (3) copper-bearing minerals without any sample preparation (Koellner et al., 2019) and (4) powders of copperbearing surface material from the Apliki copper-gold-pyrite mine in the Republic of Cyprus with the corresponding GPS position of the samples (Koerting et al., 2019b) . Spectrally, the libraries cover the full wavelength range of the solar optical range (400 nm -2500 nm). We hereby contribute to the widely applied and accredited libraries, e.g. the USGS Spectral Library (Hunt, 2002; Kokaly et al., 2017) . The geochemical validation for each sample type is explained in methods. 75
The two REE libraries (Koerting et al., 2019a) consist of the spectra of 16 rare earth oxides (REO) powders and 14 REEbearing minerals (REMin). In addition, the spectra of niobium-and tantalum oxide are provided, which will further not be mentioned individually but be included in the term "REO".
The third spectral library includes 20 different copper bearing minerals (Koellner et al., 2019b) and the fourth spectral library contains 37 samples from the Apliki copper-gold-pyrite mine site in the Republic of Cyprus (Koerting et al., 2019b) . 80 A list of all the samples can be found in the supplements.
The materials were spectroscopically examined using two spectrometers included in the HySpex system (VNIR-1600, SWIR-320m-e (technical description available at: https://www.hyspex.no/products/disc.php, 2019).
The outline of this study is based on the necessary knowledge to successfully make use of the here presented spectral libraries. Chapter 2 includes a description of the analysed materials and Chapter 3 informs about the sample preparation and 85 spectra collection. Chapter 4 describes the hyperspectral data acquisition, covering the processing of the data and spectral measurement parameters and Chapter 5 presents the geochemical analyses of the samples. Chapter 6 discusses the parameters influencing the data. The spectral libraries can be downloaded as an ASCII *.txt file format and as binary spectral library files format *.sli, and its associated header files *.hdr. An extensive data description and the geochemical analysis results are included in the data publications , (Koellner et al. 2019; Koerting et al. 2019a; Koerting et al. 2019b) . 
Materials
The here presented spectral libraries comprises spectra of REEs (Koerting et al., 2019a) , copper-bearing minerals (Koellner et al., 2019) and surface samples from the former copper-gold-pyrite mine Apliki in the Republic of Cyprus (Koerting et al., 2019b) . The REE sample material comprises 16 REO powders (REO) and 14 REE bearing minerals (REMin). The used REO powders belong to a series of rare earth metals and compounds (REacton®) and were received from Alfa Aesar. All 100 REO powders contained at least 99.9% of the specified REE and were delivered together with concentration certificates, these geochemical certificates can be found in the data description of Koerting et al. (2019a) . The REO powders were obtained as high-purity materials with a grainsize of <63 µm. The REMin samples (ore minerals) were purchased from Gunnar Färber Minerals, an online trader of mineral specimen. The mineral denotation is based on the sample name provided by Gunnar Färber Minerals. The X-Ray Fluorescence (XRF) data presented in the data description of Koerting et al. (2019a) 105 should be consulted to validate the given mineral denotations by Färber Minerals. A sample list for the REMin can be found in A2, for the REO in A3 of the appendix.
The copper bearing minerals belong to collections of the University of Potsdam (UP) and the Federal Institute for Geosciences and Natural Resources (BGR), a samples list can be found in the appendix (A4-A5). The minerals were measured hyperspectrally with no sample preparation, the sample photos are provided in the data description for Koellner et 110 al. (2019) . The Apliki mine samples (Koellner et al., 2019) were collected in March 2018 during a measurement campaign of the Geological Survey Department of the Republic of Cyprus (GSD) and the GFZ German Research Centre for Geosciences (GFZ). Surface material in the mine was collected and prepared for geochemical analysis by Bureau Veritas Minerals (BVM). The powdered samples were measured hyperspectrally, a sample list including photos from the in-situ conditions of the samples can be found in A6 of the appendix and in (Koerting et al., 2019b ). An overview on sample types and their 115 corresponding sample description in the appendix are listed in Table 1 . 
Sample Preparation and spectra collection
The sample preparation varied by sample type and depends on the material and the information of interest.
The spectra for each sample were manually extracted from the hyperspectral image scenes using an averaging of a number pixels and collected in a spectral library. Thereby each spectrum of a spectral library represents an average spectrum of the material, depending on the sample size and spectrally homogeneity. The extraction of the spectra is explained in detail in 125 each data description (Koellner et al. 2019; Koerting et al. 2019a; Koerting et al. 2019b ).
For the REE samples, REMin and REOs, powders were measured in 100% quartz glass petri dishes underlain by black cellular rubber. For all measurements the final spectral analyses were spatially reduced to the center pixel of each sample holder. Shadow effects from the sidewalls of the boxes could therefore be minimized. One representative spectrum of every 130 sample was produced for the spectral library. In order to improve the signal-to-noise ratio and reduce the influence of outlier pixel, an average spectrum of sample-covering pixels was produced (Herrmann, 2019) .
The copper mineral samples were measured with no sample preparation as the variable surface of the minerals and the influence of the mineral structure was of interest. Figure 2 shows an exemplary scan of a part of the copper bearing minerals. 135 Table A5 in the appendix shows the area for the geochemical sampling encircled in yellow. The same area was used to obtain the spectrum, averaging over a 5 by 5 pixel window. The Apliki mine samples were crushed and powdered to ≥85% of the sample passing smaller than 75µm. Homogenized 145 powders were measured as pressed powder tablets ( Figure 3 ). The area to obtain the sample's spectra was chosen over a 5 by 5 pixel window, in the centre of the powder tablet to minimize influences from the tablets metal frame. The dark spots in sample spots were chosen in order to exclude the measurement points of the LIBS in the spectral footprint. In case of broken powder tablets like "7d_Hem", the shadowed, rough surface areas were also excluded from the spectral sampling. 150 
HySpex Data Recording 155
The HySpex VNIR-1600 and SWIR-320m-e (technical description available at: https://www.hyspex.no/products/disc.php, 2019) are two line-scanning cameras. The two cameras are mounted in parallel. They cover the range of the visible to near infra-red (VNIR, 400 -1000 nm) and the short-wave infra-red (SWIR, 1000 -2500 nm). They record an array-line of 1600 pixel (VNIR) and 320 pixel (SWIR) (push-broom scanning). Every pixel contains a spectrum with a total spectral sampling number of 408 bands in total. 160
The HySpex cameras are provided with two acquisition modes, one for airborne data collection and one for laboratory measurements. In laboratory mode, the cameras are combined with a trigger pulse moving sleight (translation stage) of definable frame period (depending on the integration time of every array-line acquisition). The configuration of the translation stage framework, the cameras and the light source (45° illumination angle) are fixed, while the sleight and the samples are moving through the focal plane (Rogass et al., 2017) . 165
The reflectance level of a white reference panel, placed in line with the samples, is chosen according to the albedo of the samples. The higher the albedo of the sample, the higher is the diffuse reflectance factor of the white reference panel that is cameras was higher compared to the distance between samples and sensor to ensure diffuse illumination and to avoid thermal influence on the cameras and the samples. The integration time (= measurement time for each image line) was tested to be as high as possible to suppress the impact of signal uncorrelated gaussian white noise and at the same time as low as 175 needed to avoid detector saturation. For all measurements the integration time was chosen with respect to the sample albedo.
The used settings for the REMin and REOs are listed in Table 2 , the settings for the copper bearing minerals in Table 3 and for the Apliki mine samples in Table 4 . The laboratory is equipped with black-painted walls and doors, as well as black curtains to avoid reflected light from surfaces other than the sample, an exemplary setup can be seen in Figure 4 . The laboratory conditions were kept stable, the air temperature was regulated to 21±0.5°C and the humidity was below 70% for 180 all measurements. Black cellular rubber is used as a base material for all samples for hyperspectral data acquisition. It reflects less than 5 % on average of the incoming radiation.
Detailed descriptions for the GFZ' standard measurements and the process chain can be found in (Rogass et al., 2017) . Each measurement run produces one VNIR and one SWIR 3D-data cube. The three dimensions are the two spatial x,y-and the spectral z-dimension. The 3D image cubes are produced, by moving a homogeneous reflecting white reference panel and the samples through the focal plane of the two sensors. These image cubes are then co-registered, resized and stacked to a continuous image cube. In order to produce a reflectance image, the image pixel that show the white standard were averaged to a one-line reference spectrum. The reflectance was calculated by dividing every image line spectrum by its reference 210 spectrum from the reflecting white reference panel. A detailed description for the laboratory set-up and processing can be found in (Rogass et al., 2017) . The software 'HySpex ground' is used to perform the measurements and the software 'HySpex rad' is used to perform the radiometric calibration on the image data.
Geochemical Sample Analysis for Validation 215
Depending on the sample type, the geochemical validation methods differ. The methods used for each sample type, can be found in Table 5 . 
Bureau Veritas Minerals Analysis

Thermo Niton XL3t (XRF)
The geochemical validation measurements for the REMins were performed using an X-Ray Fluorescence (XRF) instrument 225 -Thermo Niton XL3t (Fisher Scientific, 2002) .
The XL3t is a light-weight, mobile XRF analyzer. The measurement principle follows the principle of X-Ray fluorescence, where the sample inbound X-Rays excite electrons to a higher energy level in the sample material. Energy in form of XRF radiation is released when these electrons return to their original state. The frequency of this radiation is characteristic for the measured chemical element and its intensity is correlated to the concentration level. The intensity of each element is detected 230 as counts per second by the detector, a geometrically optimized large area drift detector (GOLDD). The maximum excitation voltage of the XL3t device is 50 kV, which means out of the full REE suite only four light REEs can be detected (Lanthanum, Cerium, Neodymium and Praseodymium).
The XL3t spectrometer is attached to a lead shielded sample chamber, in which samples with a diameter smaller than 3.3 cm can be placed. Mineral samples can be directly placed in the chamber; powdered samples have to be placed in sample tubes 235 (2.5 cm diameter). The sample tubes are made of a plastic tube with a plastic foil on the bottom. The plastic cannot be detected by XRF and therefore not interfere with the measurements. A build-in camera of the XL3t enables the precise location of the measuring spot. The used software for the measurements is named "NDTr" and the measurement mode was the "mining and exploration" mode. The concentration levels are provided along with a balance value. "Balance" represents counts per seconds that could not be identified to one of the measured elements. Table 6 shows the measurement modes and 240 filters used. In-depth description of the XL3t and the XL3t-results for each sample can be found in (Herrmann, 2019) . An energy dispersive X-ray spectrometer (EDX, Oxford Instruments INCAx-act) attached to the instrumentation provides quantitative elemental analysis of single spots. After calibrating with pure copper, a wide spectrum of elements can be qualified. According to experience, divergences of up to 5 weight % can be expected, which for the quantitative analysis can 265 be neglected. The software interpolates the weight % of the detected elements of a total to 100 weight %.
Scanning Electron Microscope (SEM) and Electron Microprobe Analyzer (EMPA)
In order to approximate the values for copper a JEOL JXA-8200 electron microprobe (EMPA) at the University of Potsdam was used. The electron microprobe is equipped with five wavelength-dispersive X-ray spectrometers (WDX) and was operated with a 20 kV accelerating voltage, a 20 nA current, and a beam diameter of 2 µm. The analytical counting times 270 were 20/10 s for the element peak and 10/5 s for background positions. Analyses were standardized against natural silicates/sulphides obtained from the Smithsonian Institution and Astimex. Quantifying elements of a lower atomic mass than boron is not possible, carbon cannot be measured either. The EMPA measurements are therefore limited by the fact that the carbon and water content cannot be validated. 
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An example analysis for copper mineral sample K1 can be seen in Figure 5 and Table7, the full EMPA and SEM data files are documented in (Koellner et al., 2019) 
Apliki mine sample analysis at Bureau Veritas Minerals
The Apliki mine samples were analysed by Bureau Veritas Minerals (BVM). The analysis was split in groups based on the analysis type, in this case "aquatic", "rock" and "soil". The sample numbers, analysis type and BVM analysis codes can be 290 found in Table 8 , an explanation of the BVM codes is provided in Table 9 . One sample was analysed with the Aquatic analysis type, the Rock analysis type included 25 samples and Soil analysis type included eleven samples. 
Validation and Discussion 305
This section will discuss the technical validation of the results in terms of sample material properties, systematic errors and variation of measurements (experimental error).
Sample Material Properties
The REO powders were certified to contain at least 99.9% of the corresponding REO. The certificates are listed in (Koerting 310 et al., 2019a) . The REE mineral samples were geochemically analysed using the Thermo Niton XL3t (Fisher Scientific, 2002) device. The resulting element concentrations and the measurement error (2σ) are provided in Koerting et al. (2019a) .
The validation for the Copper bearing minerals can be found in Koellner et al. (2019) and the Apliki mine sample validation, analysed by BVM, can be found in Koerting et al. (2019b) .
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Systematic Errors of hyperspectral data acquisition
Systematic errors are discussed based on instrument drift, calibration and optimization of measurements. Initializing a warmup phase of optical components, detectors and lamps, reduced influences due to instrument drift. Additionally, laboratory conditions were monitored to ensure a stable temperature and humidity. The HySpex cameras and the reference standards are factory calibrated once per year. Measurements used for the final spectral library were collected within one calibration time 320 span to ensure equal acquisition conditions. For HySpex, an average of multiple measurements minimized measurements variations. An average (median) of 500 to 800 pixel spectra was taken for the HySpex REE and REO spectra. This number relates to the maximum number of non-disturbed pixels per sample region of interest (e.g., pixels that were not shadowed from the sample holder side walls, etc.). For the copper bearing minerals and the Apliki mine powders a 5x5 average pixel window was chosen over the area of interest. For these samples using a smaller pixel number for the average was necessary 325 as the sampling of the copper-bearing minerals for geochemical validation occurred over a small area of the sample and the Apliki mine powder tablets were too small to ensure a bigger homogenous area.
Measurements variation
Variations of measurements were not only based on instrument calibrations or drift. They can also occur due to the detector 330 geometry or geochemical properties of the minerals. These variations may appear as a shift of the peak positions of the absorption bands. This means, different hyperspectral sensors will show variations in the spectrum of the same material. By only using one set of hyperspectral sensors, the HySpex VNIR and SWIR, these shifts will not appear in our data sets. They might show when comparing our spectra of a material with spectra taken from a different instrument. Mineral spectra also differ when comparing different minerals of the same mineral denotations e.g. "Malachite" to each other. The spectral signal 335 https://doi. org/10.5194/essd-2019-228 Open Access Earth System Science Data Discussions Preprint. Discussion started: 9 December 2019 c Author(s) 2019. CC BY 4.0 License. differs for example due to changes in geochemistry, physical appearance e.g. crystallization and weathering grade (Misra et al., 1992) . This is why we included the geochemical validation data in the available data.
XL3t systematic errors
The XL3t is internally calibrated and provides an internal warm-up phase to guarantee stable measurement conditions. 340
Unlike the spectrometer measurements, experimental error was only provided for the XL3t. In order to reduce the experimental error, the measurement time was set to 120 seconds. The XL3t collects the emitted radiation from the sample using four different filters. While the sample was irradiated, each filter measures counts per second within a time span of 30 seconds. Next, the average counts per second were internally transformed to ppm. The irradiation of, in total, 120 seconds per sample was empirically tested to enable short measurement duration in combination with the lowest achievable standard 345 deviation of concentration level.
Data Availability
The 
Sample Availability
The samples provided by the BGR are available through the collection of the BGR Spandau by their sample name in table A5 in the supplements (https://www.gewis.bgr.de). The samples provided by the GFZ and UP belong to projects and have to be requested separately. 
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